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Abstract 
Yara own, operate and license fertiliser plants and technologies throughout the world. Phosphoric acid production is an important part of 
the Yara licensing portfolio.  Formerly known as Hydro Agri and prior to that, Fisons, we have successfully designed and commissioned 
several world scale hemihydrate and hemidihydrate process phosphoric acid plants over the course of the last forty years. The largest of 
these plants was the IPL (formerly WMC) HH process phosphoric acid plant in Queensland, Australia. This single line grass roots 1500 
tpd P2O5 plant has now been successfully operating for over ten years.  
The HH and HDH processes are characterised by producing high strength phosphoric acid directly from the hemihydrate filters; either 
negating or significantly reducing the degree of acid concentration required for downstream processes. The HH process is therefore 
energy efficient, simple to operate and as most of the aluminium reports to the solid phase, the phosphoric acid is of high quality.  The 
HDH process is a two stage process whereby the hemihydrate produced in the energy efficient first stage is transformed to dihydrate in 
the second stage and the liberated P2O5 losses present in the hemihydrate produced in the first stage are recovered, resulting in a very high 
P2O5 recovery efficiency. 
This paper focuses on the hemihydrate technologies developed by Yara (as Fisons Fertilizers) and looks forward to the next major 
hemihydrate complex at Ras Az Zawr in the Kingdom of Saudi Arabia where Yara are providing the license for Ma'aden Phosphate 
Company (MPC) to operate three independent phosphoric acid trains, each with a capacity of 1460 tpd P2O5. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Selection and /or 
peer-review under responsibility of the scientific committee of SYMPHOS 2011. 
Keywords: Phosphoric Acid; Hemihydrate; Hemidihydrate; Ma’aden; Phosphate Rock; Al-Jalamid; Ras Az Zawr; Saudi Arabia  
1. Introduction 
1.1. General 
Yara Belgium (formerly Hydro Fertilizer Technology and Fisons Fertilizers) is based close to Brussels, Belgium and has 
a team of engineers and chemists experienced in the design and operation of fertilizer plants on a world-wide basis. 
Yara owns and operates a number of fertilizer plants in countries throughout the world. It is through these plants and 
Yara's extensive R & D efforts that a wide range of nitrogenous and phosphatic fertilizer processes has been developed.  
This paper focuses on the hemihydrate technologies developed by Yara (as Fisons Fertilizers) and gives an insight into 
the design parameters of the largest greenfield hemihydrate phosphoric acid plant complex in the world. 
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A short introduction to the history of the processes is given in this section as well as some background information 
related to the types of hemihydrate processes available.  
Section 2 concentrates on the Yara Hemihydrate (HH) process and provides outline details of the concept of HH 
technology as applied in full scale plants.  
Section 3 describes the Yara Hemidihydrate (HDH) process and provides additional information by comparing the HH 
and HDH processes.  
Section 4 details various design aspects of our latest HH process phosphoric acid plant complex for the Ma’aden Project 
at Ras Az Zawr in Saudi Arabia.  
Finally, a list of reference plants which have used Yara technology is given in section 5. 
1.2. History 
Several companies began developing hemihydrate technologies during the 1960’s and full-scale plants began to appear 
during the 1970’s.  
Yara, as Fisons Fertilizers, started its research and development to find an alternative to the traditional dihydrate process 
route during the late 1950’s, early 1960’s at its R&D establishment at Levington in UK. Comprehensive laboratory scale 
work established that a hemihydrate process route was a feasible alternative. Subsequent pilot plant testing was employed at 
the Fisons Kings Lynn factory to develop the process on a larger scale and to confirm the earlier findings that a hemihydrate 
process could be adopted successfully. The results were interesting. The process itself was controllable and process stability 
was achieved. However, the mechanical stability of the equipment used at that time was less than successful. The 
hemihydrate reaction system utilised plastic vats on the basis that this material was corrosion resistant and having a suitable 
temperature resistance to the operation at or around 100°C. In reality the operating temperature was close to the maximum 
working limit of the material used at that time and the vats eventually failed, causing hemihydrate slurry to spill out. This 
temporary setback did not halt the development program.  
When the Kings Lynn factory closed down, all research and development was concentrated at the R&D center in 
Levington, UK.  
A new pilot plant facility was constructed; this time using reactors made from high grade stainless steel. The size of the 
equipment was somewhat smaller because all raw materials had to be specially delivered and product acid and by-product 
phosphogypsum despatched to the nearest production unit for disposal.  
During the 1980’s and 1990’s, research facilities were subsequently based in Sweden, The Netherlands and Norway.  
Currently, all phosphoric acid research and development is carried out at Yara’s phosphate R&D center at Siilinjarvi in 
Finland. 
1.3. Phosphoric Acid and Calcium Sulphate 
In all wet process phosphoric acid processes based on rock attack using sulphuric acid the volume of by-product 
phosphogypsum is significantly more than the volume of product phosphoric acid. 
In the wet phosphoric acid process the phosphate rock is dissolved in a phosphoric acid solution and sulphuric acid is 
added to precipitate the calcium according to the following simplified overall reaction. 
Ca3(PO4)2 + 3H2SO4 = 2H3PO4 + 3CaSO4 (1) 
Various side reactions occur concurrently: the most important being the action of sulphuric acid on calcium fluoride and 
calcium carbonate. 
CaF2 + H2SO4 = 2HF + CaSO4 (2) 
CaCO3 + H2SO4 = CO2 + CaSO4 + H2O (3)  
An overall reaction for the process may therefore be written as: 
Ca10(PO4)6 F2 CaCO3 + 11H2SO4 + 11xH2O =  6H3PO4 + 11CaSO4xH2O + 2HF + CO2 + H2O (4) 
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Depending on the reaction temperature and phosphoric acid concentration, the calcium sulphate formed in the reaction 
can be in three stages of hydration; anhydrite, hemihydrate or dihydrate (i.e. CaSO4.xH2O where x = 0, ½ or 2 respectively). 
The phase diagram illustrating the three forms of calcium sulphate is given in Figure 1 below.  
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Figure 1 - Effect of Reaction Conditions on Calcium Sulphate Crystallisation 
1.4. The Main Hemihydrate Processes 
The hemihydrate (HH) process gives a product acid ex filter of up to 49% P2O5. Calcium sulphate hemihydrate is 
discharged as a by-product. The filter acid may be further concentrated by evaporation, if required, for downstream uses.  
The hemidihydrate (HDH) process gives a product acid ex filter of up to 50% P2O5, with a high P2O5 recovery efficiency. 
This is a two-stage process with calcium sulphate hemihydrate formed in the first stage being transformed to dihydrate 
gypsum in the second stage prior to discharge as a by-product. The filter acid may be further concentrated by evaporation, if 
required, for downstream uses.  
2. Basics of Hemihydrate (HH) Process 
2.1. Rock Grinding 
The HH process will accept rocks of a coarser grind than a dihydrate process. Comparison of the particle size analyses in 
Table 1 shows that Jordan rock, for example, can be used in the HH processes without grinding.  
Table 1 - Comparison of Rock Grind Requirement for HH and DH Processes 
BSS Sieve  
Size (Mesh) 
Aperture  
(Microns) 
Particle Size Requirement  % Through 
HH Plant DH Plant 
8 
30 
60 
100 
200 
2000 
500 
250 
150 
75 
100 
75 
25 
- 
- 
- 
100 
95 
60 
55 
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2.2. Sulphuric Acid Feed 
Sulphuric acid is added to the reaction system to precipitate calcium sulphate hemihydrate crystals as shown in the 
overall reaction equation in section 1.3. 
Concentrated sulphuric acid is fed directly to the hemihydrate reaction system without the need to dilute the acid 
beforehand. There is a need, however, to have a system whereby the sulphuric acid is mixed with weak phosphoric acid 
which is recycled back from the filtration section to the reaction section. 
An efficient mixing device is used in order to introduce sulphuric acid into the reaction slurry and this helps to ensure 
that localised high concentrations of sulphuric acid in the slurry are avoided. 
2.3. HH Reaction 
Reaction of phosphate rock with H2SO4 is carried out in reactors of equal volume as shown in Figure 2. Two "reaction 
zones" are required, distinguished by differing chemical operating conditions. In "reaction zone 1" comprising reactors 1A 
and 1B an excess of CaO is maintained and in "reaction zone 2" comprising reactor 2 an excess of SO4 is maintained. 
The precise number of reactor vessels varies depending on the reaction characteristics of the specific phosphate rock and 
the production capacity of the plant. Typically there are either two or three reactors in reaction zone 1, and one reactor in 
reaction zone 2.[1]
Figure 2 - Yara Hemihydrate Process 
Phosphate rock is metered at the required rate to reactor 1A.  Reaction slurry from reactor 2 is recycled to reactor 1A via 
the recirculation pump. The quantity of reaction slurry recycled is such as to maintain the correct excess CaO in reactor 1A 
liquid phase. The contents of reactor 1A overflow to reactor 1B (which operates under the same chemical conditions as 
reactor 1A) which in turn overflows to reactor 2. Sulphuric acid is fed to reactor 2 to maintain an excess of sulphate in 
reactor 2. 
To prevent local high concentrations of sulphuric acid in reactor 2 the sulphuric acid is pre-mixed in the acid mixer with 
return acid from the hemihydrate filter. 
The quantity of return acid is used to control the overall solids level within the reaction system at 30-35% w/w. 
Slurry from reactor 2 is transferred by the flash cooler slurry pump to the flash cooler, which is used to maintain the 
reaction system at 98-100oC. From the flash cooler slurry flows back to reactor 2.  
In the hemihydrate process, scaling in the flash cooler and its downleg does not occur and although normally designed 
for a delta T of 6oC, it is possible to operate at up to 10°C delta T.
The flash cooler gases are drawn by the action of the flash cooler vacuum pump through the flash cooler condenser. 
The reaction system is maintained under a slight negative pressure by the action of the reactor gas scrubber fan to prevent 
escape of fluorine gases to the plant atmosphere. These gases first pass through a scrubbing system before being exhausted 
to atmosphere via a stack.  
Due to the nature of most phosphate rocks it is necessary to have provision to feed anti-foam agents to each of the 
reactors. Normally, a defoamer tank and pump are included. However, with some rocks, this is not required. 
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2.4. HH Filtration 
Slurry from reactor 2 is delivered to the hemihydrate filter by the filter feed pump. The first off-take from the 
hemihydrate filter is "cloudy acid" which flows to the return acid tank. Product acid (up to 49% P2O5) is taken next and 
flows to the product acid tank and is pumped to the storage tank with the product acid pump. 
After the first counter-current acid wash, the filtrate flows to the return acid tank. Return acid is pumped back to reactor 2 
by the return acid pump at the rate required to control the solids content in Reactor 2. There are two further cake washes; the 
final cake wash is with process water. 
Fumes containing fluorine from the hemihydrate filter are extracted via the filter hood to the scrubbing system thus 
maintaining a clean working atmosphere around the filter. 
It is necessary to periodically wash the hemihydrate filter and associated lines with water and this is achieved with the 
plant wash tank and plant wash pump. 
A small hot water stream is fed to the vacuum box to help prevent silicofluoride scaling. The hemihydrate filter cake falls 
from the filter into the chute on to a conveyor or to a slurry disposal system. 
Washed hemihydrate filter cake is discharged from the filter and can either be slurried with water and pumped to the 
stacking area, or be conveyed in “dry” form to the stacking area. In the case of wet disposal, a transformation inhibitor is 
added to maintain the phosphogypsum in hemihydrate form until it reaches the stack and to prevent scale formation in the 
pumping circuit. 
The hemihydrate process produces stong acid directly from the filter and a phosphogypsum which only contains half of a 
molecule of crystalline water. When a dry disposal method is utilised, the hemihydrate process has the lowest consumption 
of fresh water. This aspect can be critical in desert locations where water is in short supply and the cost of providing fresh 
water is high. 
3. Basics of Hemidihydrate (HDH) Process Technology 
3.1. Overview 
The HDH process features the same equipment as for the HH process in order to produce strong phosphoric acid and 
hemihydrate crystals. However, instead of removing the hemihydrate from the plant, it is collected and converted to 
dihydrate crystals and then filtered on a separate filter to recover weak phosphoric acid and the dihydrate crystals are 
disposed as a wet cake by conveyor or as a slurry to a collection pond system. The basic scheme is shown in Figure 3. 
Figure 3 - Yara Hemidihydrate Process 
3.2. Transformation 
Hemihydrate filter cake is discharged from the HH filter via a vertical chute to the first of two transformation tanks or 
DH reactors. The HH cake is reslurried with HH cloth wash liquor obtained from the DH filtration stage. 
The HH crystals slowly dissolve and re-crystallise as dihydrate crystals due to the lower temperature as well as the liquid 
phase containing weak phosphoric acid. 
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Active silica is added to the first transformation tank to assist the conversion of HH to DH crystals. A small feed of 
sulphuric acid is also added to the first transformation tank to enable the co-crystallised P2O5 to be released from the HH 
crystal and to remain in solution as some of the sulphuric acid is consumed to produce dihydrate crystals. 
Most of the HH crystals are dissolved and re-crystallised as dihydrate crystals in the first transformation tank. However, 
it is necessary to use a second transformation tank to avoid possible short-circuiting and to ensure that the degree of 
transformation is high enough. Normally, more than 90% of the HH crystals are transformed to DH crystals. 
3.3. DH Filtration 
DH slurry is pumped from the second DH reactor to the DH filter. Normally, two washes are applied to the DH filter to 
recover the water soluble P2O5 retained in the filter cake after the first separation. 
Fresh water is applied as the final wash before the filter cake is discharged. The filtrate is returned to the filter as the 
strong wash liquor and then that filtrate is collected and used as HH cloth wash liquor. The flow of HH cloth wash liquor is 
regulated to control the quantity of solids in the transformation section. This is normally controlled at 40% w/w solids. 
Some of the mother liquor from the first separation is used as HH cake wash and excess is used as part of the HH cloth wash 
liquor. 
The result of good filter washing allows P2O5 recovery efficiencies in excess of 98% to be achieved. It is also necessary 
to have good conversion of HH crystals to DH crystals in order to be able to sustain high recoveries. 
The quality of the DH filter cake may be good enough for other downstream purposes such as cement manufacture 
because the P2O5 and F levels may be low enough for re-use without further treatment. However, the quality of phosphate 
rock will directly influence the quality of by-product DH filter cake. 
3.4. Key Differences between HH and HDH Processes 
Table 2 illustrates the main differences between HH and HDH processes based on commercially available phosphate 
rocks. 
Table 2 - Key Differences between HH and HDH Processes 
Feature HH Process HDH Process 
Typical P2O5 Recovery 94% 98% 
By-product phosphogypsum HH (with impurities) DH (with less impurities) 
Investment Cost Low Similar to DH process 
Energy Efficiency 40% lower than DH process Similar to DH process 
Water Consumption Lowest Lower than DH process 
4. Design aspects of the Yara HH Process for the Ma’aden Project  
4.1. Introduction 
During 2004 and 2005 Yara became involved in a project to establish a large world scale scale phosphoric acid plant 
complex. This project is for Ma’aden, Saudia Arabian Mining Company and is intended to advance Saudi Arabia’s long-
desired strategy to diversify its economy away from reliance on the oil and gas sectors and open up the undeveloped north 
east of the country to bring new industries online and to provide local employment and infrastructure. The phosphoric acid 
plants selected by Ma’aden for this complex would utilize the Yara Hemihydrate (HH) process to supply acid to the 
downstream granular fertilizer units.  
A major factor in the selection of the HH process route was the high cost of fresh water in the region, which is obtained 
by a desalination process. 
The complex is located on the Arabian Gulf at Ras Az Zawr in Saudi Arabia. It consists of facilities to produce ammonia, 
sulphuric acid, phosphoric acid and granular DAP. The phosphate rock is mined in Al Jalamid, close to the border region 
with Jordan and Iraq. Construction of a 2400 km railway funded by the Ministry of Finance from the mine to the production 
facilities on the Gulf and also the Port facilities at Ras (funded by the Saudi Port Authority) resulted in one of the world’s 
biggest capital expenditure projects in excess of 13 billion USD. The facility is due to start up in 2011.[2] 
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Ma’aden selected the Yara HH process for the 3 streams of 1460 tpd P2O5 phosphoric acid plants. Each unit is almost as 
large as the previously largest single line HH plant in the world located in Phosphate Hill, Australia.[3] It will produce 
phosphoric acid at 40% P2O5 directly from the filters, which is evaporated to 50% P2O5 for the manufacture of DAP 
fertilizer. 
Saudi Basic Industries Corporation (SABIC) took a 30% stake in the project in 2007. 
4.2. Background 
Sedimentary phosphorite was first identified in 1965 in Northern Saudi Arabia and in the same year phosphate beds were 
identified in the Turaif region.[4] Subsequent exploration led to the identification of several promising phosphorite deposits, 
including the Al Jalamid deposit about 150 km east of Turaif. 
A measured ore reserve of 534 million tonnes has been confirmed for the Jalamid mine and indicated reserves in the 
immediate vicinity of the measured reserve will extend the mine life beyond the project life of twenty years.[5]. The mine 
will extract 11.2 Mtpy of ore and 22.2 Mtpy of overburden and interburden. All ore and waste will be drilled, blasted and 
excavated using haulage trucks and hydraulic shovels for the initial mining plan. 
There are proven reserves of 223.3 million tonnes of ore at 20.35% P2O5, based on a cut off grade of 12% P2O5, a 
maximum of 12% MgO and a minimum thickness of 1.5 meters.  
A primary crusher and conveyor will feed the ore to the beneficiation plant where 4.5 Mtpy flotation concentrate 
containing 32.5% P2O5 will be produced through particle size reduction, de-sliming and reverse flotation to remove calcium 
and magnesium carbonates. Dewatering and drying of the concentrate will be carried out prior to rail load out to Ras Az 
Zawr. 
The fertilizer complex at Ras Az Zawr comprises facilities to process 4.5 Mtpy of concentrate into 2.9 Mtpy 
diammonium phosphate (DAP) fertilizer. The product will be loaded into Panamax vessels for export primarily to Asia. 
The fertilizer complex comprises three 4,500 tonnes per day (tpd) sulphuric acid plants, three 1,460 tpd phosphoric acid 
plants, one 3,300 tpd ammonia plant and four 2,250 tpd DAP plants. 
Phosphate rock reacts with sulphuric acid to produce phosphoric acid in the phosphoric acid plants. Phosphoric acid 
reacts with ammonia in the DAP plants to produce DAP fertilizer. Steam released in the sulphuric acid plant is used to 
generate sufficient electrical power to meet the demands of the chemical complex and also to desalinate sea water for use as 
process water in the process plants. 
Molten sulphur and natural gas, readily available within Saudi Arabia from the oil and refinery industries will be used as 
feedstock to the sulphuric acid and ammonia plants, respectively.  
Phosphogypsum, a by-product of the phosphoric acid process will be stored at a nearby dry stacking facility, and a no 
liquid effluent discharge concept for the project means that all effluents are collected, contained and re-utilised within the 
complex. 
Meanwhile Ma’aden selected Yara as their Technology Provider for phosphoric acid in 2005.  
A series of laboratory and pilot scale tests carried out by Yara in Norway and in Jordan during 2005 established 
operating and design parameters for the phosphoric acid plants. These parameters were further optimized by Yara in 2006. 
4.3. Project Details 
The phosphoric acid plant consists of the following unit operations: 
• Rock and Kaolin/Silica feed systems  
• Reaction system 
• HH filtration system  
• Scrubbing systems 
• Product Storage 
• Acid concentration system 
• HH Stacking 
4.3.1. Rock and Kaolin/Silica Feed Systems 
Phosphate rock is delivered by rail from the mine and beneficiation operations in Al Jalamid to the rock storage area at 
Ras Az Zawr. From here it is delivered to each of the three phosphoric acid trains by independent conveyor systems. The Al 
Jalamid phosphate is deficient in aluminium and reactive silica so therefore it is necessary to supplement the rock feed with 
kaolin and a reactive silica source to reduce the corrosivity of the phosphoric acid.  
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4.3.2. Reaction System  
A diagram of the reaction system is given in Figure 4.  
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Figure 4 – Reaction System Details 
The reaction system consists of four reaction vessels, each connected by an overflow launder to the next vessel. The first 
three of these (reactors 1A, 1B and 1C) are deficient in sulphate and are used to dissolve the phosphate rock in the 
phosphoric acid. The fourth vessel (reactor 2) has an excess of sulphate and is used to crystallise the dissolved rock in the 
form of calcium sulphate hemihydrate. Sulphuric acid is mixed with return phosphoric acid in two specially designed 
conical mixers. Without these mixers, uncontrolled crystallisation would lead to poor crystal formation in zone 2 due to 
localised areas of high sulphate concentration. 
The phosphate rock is deficient in aluminium and silica, and therefore it is necessary to supplement the rock feed with a 
kaolin and silica feed. These additives are pumped in slurry form to reactor 1A. In this plant, the volumetric ratio of the 
dissolution zone to the crystallizer is 3:1. However, the overall reaction volume and residence time has not increased from 
the Yara standard. 
There is a controlled recirculation of slurry from reactor 2 back to reactor 1A. This is important in maintaining the 
correct conditions for rock dissolution and hemihydrate crystallisation. Cooling of the reactor slurry is achieved by means of 
two flash cooler vessels which circulate slurry around reactor 2. Temperature of the slurry is controlled at 98°C to 100°C. 
The reaction slurry is composed of 40% P2O5 phosphoric acid and hemihydrate solids at around 30% w/w. 
The reaction vessels are rubber lined carbon steel with carbon brick protection although reinforced concrete could have 
been used instead of carbon steel. The reactor agitators and slurry piping are stainless steel. Flash cooler slurry piping is 
rubber lined carbon steel with carbon brick protection. 
4.3.3. Hemihydrate Filtration System 
Reaction slurry is fed to four horizontal belt filters which are arranged in groups of two independent pairs. Each pair 
shares common return acid and product acid seal tanks. This allows for some flexibility in operation and washing 
procedures. The product acid (40% P2O5) is removed and pumped to acid storage. Filter cake washing is counter-current 
with fresh water. 
EPDM rubber belts with natural rubber curbs are used for the filters with 904 L stainless steel wetted parts. Slurry piping 
is stainless steel and acid piping is rubber lined carbon steel (RLCS). Process gas ducting and fluosilicic acid piping is in 
FRP. 
The hemihydrate from each filter is discharged to a collection conveyor and then transferred to an overland conveyor 
which discharges it onto the gypsum stack.  
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4.3.4. Scrubbing Systems 
Reaction gases and air from the reactors are cleaned in the first two stages of the gas scrubbing system and then extracted 
by the gas scrubber fan before discharging to the final stage gas scrubber. Fume extraction is also provided from the vicinity 
of the hemihydrate vacuum filters and various seal tanks to maintain an acceptable working environment, and these gases 
are scrubbed in the final stage scrubber.  
The reactor off-gas ducting is equipped with sprays at the inlet to the gas scrubbers to prevent accumulation of silica 
deposits which may otherwise build up and cause blockage problems. 
Reaction gases pass to the first stage scrubber where most of the fluorine is absorbed by scrubbing with fluosilicic acid. 
Further fluorine is extracted from the gas stream in the second stage scrubber, using dilute fluosilicic acid. Fume extraction 
gases are then combined with the reaction gases in the third stage scrubber which after scrubbing the fluorine concentration 
in the exhaust gases is reduced to a level below 5 mgF/Nm3 prior to discharge to atmosphere through the exhaust stack.  
4.3.5. Product Storage  
The two different strengths of phosphoric acid (40% P2O5 and 50% P2O5) are stored. There are tanks for collection and 
redistribution of spillage water and a tank for collection and redistribution of acid spillage. Each tank is equipped with an 
agitator to maintain solids in suspension. There are no sludge removal systems, as the acid from the hemihydrate process is 
of a suitably high quality with low solids content that can be used directly in downstream DAP processing. A ring main 
system is used for transfer of the nominal 50% P2O5 acid from the storage tanks to the DAP plant. 
The tanks are rubber lined carbon steel with acid lines in RLCS.  
4.3.6. Acid Concentration System  
There are four independent concentration units for the evaporation of weak acid to 50% P2O5. The weak phosphoric acid 
(40% P2O5) is pumped from storage to the acid concentration section.  
The principal features of these units are: 
• acid circulation and heating 
• acid boiling and flash evaporation 
• vapour condensation and vacuum control 
• fluorine scrubbing. 
The weak acid enters the inlet of the flash chamber and is regulated by the speed of the feed pump based on temperature 
control. A constant level is maintained in the flash chamber by extracting product acid from a stilling-well adjacent to the 
flash chamber. 
An axial flow pump provides a high circulation of acid through the heat exchanger so that the acid is only heated by a 
few degrees centigrade before it enters the flash chamber where steam is flashed from the acid. The flash chamber is 
operated under vacuum conditions and by controlling temperature and pressure conditions, the concentration of the product 
acid concentration can be adjusted accordingly. 
Vacuum is achieved by the vacuum pump and regulation of an air bleed control valve. Fluorine gases evolved during the 
concentration step are scrubbed and removed as 18% fluosilicic acid in the evaporator scrubber.  
The weak 11% fluosilicic acid from the reaction system scrubbers is used as make-up liquor to the evaporator scrubbers. 
Process steam and impurities are condensed in the condenser, using cooling water. Inert gases are exhausted through the 
vacuum pump. The product 50% P2O5 phosphoric acid is pumped to the strong acid storage tanks. 
4.4. Design Data 
4.4.1. Phosphate Rock 
Al Jalamid phosphate rock is an unusual deposit, dating from approximately 65 million years ago and composed of ore 
averaging around 20 % P2O5. Selective mining, followed by crushing and desliming results in a product of approximately 
32.5% P2O5. The levels of Al2O3 and SiO2 in the rock are low resulting in a high grade concentrate. An analysis of the rock 
(dry basis) is given below in Table 3. 
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Table 3 - Analysis of Phosphate Rock 
Component % wt/wt 
P2O5
CaO 
SO4
Al2O3
Fe2O3
MgO 
F 
Cl 
SiO2
CO2
Moisture 
32.5 
52.0 
1.07 
0.07 
0.09 
0.70 
4.00 
0.01 
3.4 
6.7 
6.0 max 
The phosphate rock is ground during the beneficiation process to the design specification given in Table 4. 
Table 4 - Rock Size Analysis 
Aperture (mm) BSS No. Typical wt % retained 
0.7 
0.3 
0.2 
0.106 
0.038 
- 0.038 
25 
50 
70 
150 
400 
0 
2 to 6 
21 to 28 
50 to 59 
12 to 15 
2 to 3 
This is finer than the typical requirement of 100% below 2 mm for the HH process. 
The phosphate rock beneficiation unit is designed to produce a concentrate that has been dewatered to < 6.0 % free 
moisture prior to being loaded into rail wagons and delivered to Ras Az Zawr. 
This rock can be considered to be a high grade rock, diluted by the high carbonate content. Therefore the impurities are 
in relatively low concentration, so once processed, the resulting phosphoric acid is of a high quality. Furthermore, the 
hemihydrate process produces acid low in Al2O3 and SO4. Typical analysis of the expected filter acid is given in Table 5. 
4.4.2. Foaming 
The phosphate rock contains a relatively high concentration of carbonate so the amount of foaming would normally be 
expected to be significant. During operation of the laboratory and pilot plant trials, there was no indication of foaming being 
problematic and the unstable foam was easily controlled with minimal amounts of defoamer.
4.4.3. Expected Analysis of Acid 
The expected analyses of the acid ex filter and ex evaporator are given in Table 5, expressed on a solids free basis.
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Table 5 - Analysis of Phosphoric Acid 
Component 
Acid ex. Filter 
% wt/wt 
Acid ex. Evaporator 
% wt/wt 
P2O5 
CaO 
SO4
Al2O3
Fe2O3
MgO 
F 
Cl 
SiO2
Solids 
40 
0.2 
2.0 
0.12 
0.04 
0.89 
1.88 
100 ppm 
1.0 
0.5 
50 
0.1 
2.2 
0.15 
0.05 
1.0 
0.4 
60 ppm 
0.1 
2 
The acid analysis is typical of that produced from the hemihydrate process. The sulphate level is 2%, and the aluminium, 
iron and solids are also low. 
The approximate distribution of Al2O3, Fe2O3 and MgO between the ex-filter acid and the hemihydrate gypsum is 
expected to be as follows:- 
Table 6 – Approximate distribution of Al2O3, Fe2O3 and MgO 
 % in Filter Acid % in HH Gypsum 
Al2O3 15 85 
Fe2O3 90 10 
MgO 95 5 
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